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NATIONALADVISORYCOMMITTEEFORAERONAUTICS

.
RESEARHMEMORANDUM

ANINVESTIGATIONATTRAMSONICSFEEESOFTHEEFFECTSOF

THIC-SS RATIOANDW THSCKENEDROCXl!SECTIONSON

THEAEROIJYNfMICCHARACTERISTICSCIE’WINGSWITH . .

470SWEEPBACK,ASFWTMTIO 3.5, MDTAFER

RATIO0.2SNTHESLOTTEDTESTSECTIONOF

By RalphP.Bielat,DanielE.Harrison,‘
andDommlcA.CoPPOkbm

Fourwing-bodyconibinationsofthesameplanform(470sweep,
3.5 aspectratio,and0.2taperratio)werecomparedattransonlcspeede
intheh,ngley8-foothigh-speedtunnel.Threewingswere4,6, and
9 percentthick;thefourthwas6 percemtthickbut,ontheinner
0.4epan,taperedto12-percerrtthicknessattheroots.

Ingeneral,reducingwingthicknessratioimprovedthetraneonic
characterifiics.Nearzerolift,thethinnestwingnearlydefiledits
llft—curveslopeatthehighsubsonicMachrtunibersj the othersincreased
somewhatleaa● Similarbutlese.~onouncedeffectswerefoundata lifi,<
coefficientof0.3.Ata Machnhmberof1.10,thezero-liftdragcoef-
ficientsforthe4-, 6-, and9-~rcen&thick-B werehigherthanthe
low-speedV8hU3t3bYfEC%OrBOfEpprOXh8_be~2,2.4,W 4>reBpSCtiVe~. :

A comparisonofthevalues&fmaxmzmlift-dragratios(L/D)H
ata Machnumberof0.925Indicatedthatreducingthewingthiclmees
ratioeresultedinanincreaseinthe (L/D)W valuqefr$qt=O for
the9-percent-thickwingto18.3forthe6-percent-thickwing,andto
25.0forthel-~rcent-thickwing.Ata Machnumberof1.10 decreasing

mthewingthlclmeseratiofrom9 to4 percetiincreasedthe L D -

.a valuebya factorof1.7.

‘-7
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AstheMachnumberIncreasedfromO.~ tci1.10,theaerodynamic
centerforthe9-percent-thickwingmovedregard U.percentascompsred
witha 15-percentrearw~dmoywientforthe4--:and6-~rce@-thickw$ngs.

.
.—

ThecharacteristIcsofthe6-percent-t~@wingwl~hthethickened
inboardsectionswereapproxlmatel.yirrbermediatebetweenthoseofthe
6- and9-percent-thickwtngs... : .:”!- _ ._

-.

INTRODUCTION‘ . -

Fourwing-bodycombinationsofthesameplanform(47’Osweep, –
3.5 -pactratio}and“0.2t8perratio)yere jcmrparedattransonlcspeeds
intheLangley8-fotihigh-speedtunnel.T&_~wingswere4,6, and
9 percetithick;thefourthwas6 percentthickbut,onthe-r
0.4span,taperedtoX2-percentthiclmessatwe roots.u .-

.-
“.J

Theresultsreportedhereinconsistedof~lft,drag,andpitching-
momentmeasuremetisfora Machnumberrangeof0.50toa@proxlmately1.12.
Onlya limitedanalysisofthedatahasbeenipcludedInthispa-r in

*

.-

ordertoexpedite@Mcation ofthedata. :
—

●
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SYMBOIS : .. ..

(D/qs) - ,: –CD dragcoefficlent

drag-due-to-lift

drag”coefficient

Mft coefficient

lift-curveslop?

-,

---- - --

.:
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dcD

dCL2
-. .—

atztio”lift* ~ ,..., —
.

(L/qS)CL

CL

.
----

perdegree.pd+

r)~Z!tcMng-mcmentcoefficient-# ~cm
.

static-longitudinal-stabflitypuame~er —---

-.

. .=.

wingmeanaerodynamicchord,inches ~..
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D

L

(L/D)W

M

%/4
q
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s

t~c

v

a

P

drag,pounds

lift,pounds

msximhmlift-dragratio

Machnuniber

pitchingmomentaboutO.25E,inch-poun@

free-streamdynamicpressure,pounds~r squarefoot

Reynoldsnumberbasedon E

wingarea,squarefeet

wingthicknessratioinpercentofchord

free-streamvelocity,feetper second

angleofattackofbodycenterUne,

free-streamdensity,slugspercubic

degree6

fOot

-.-.
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APPARATUSANDMETHODS

Tunnel

ThetestswereconductedintheslottedtestsectionoftheLangley
8-foot high-speedtunnel.Theuseoflongitudinalslotsinthetest
sectionpermittedthetestingofthemodelsthroughthespeedofsound
withouttheusualchokingeffectsfoundintheconventionalclosed-throat -“-.
typeofwindtunnel.TypicalMachnuniberdistributionsalongthecenter
oftheslottedtestsectionintheregionoccupiedbythenmdelare
showninfigure1. A completedescriptionoftheslottedtestsection
oftheLar@y 8-foothigh-spe-edtun@.canbe foundinreference1.

●

Model

Themodelsemployedforthetestswere
contractor.Themodelsrepresentedmidwlng
constructedofsteel.Allthemodelshadthesamewingplanform,with~P h~ sweepbackoftheO.25-chordline,aspectratioof3.5,taperratio

suppliedbya U.S.AirForce
configurat~onsandwere

.-.—

—-
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of0.2,zerotwistanddihedral,andthefol.ldwingairfoilsection
pard.leltothemodelplaneofsymmetry: .

Thicknessdistribution.. . . . . . . . . . . . . . . NACA65A-series

Meanlineordinates. . .1/3ofNACA230ser$es+ NACA6-seriesuniform-
hd meanlti (a.= 1.0) for Cq = 0.1

TheonlydifferencesInthemodelswerethewingthicknessratios
andthespanwisethichessdlstribution.The:hollaysteelbodieswere
builtintegrallywitheachofthewing~andr~presentedcylindrical“--”
bodieshavingogivenosesections.A photo~a@ofw- model1 Is
showninfigure2 anddimensionaldetailsof@ modelsareshownin
figure3. Airfoilcoordinatesforthevarioupmodelssp givenIn
table1.

ModelSuWrt System

Themodelswereattachedtothestingsupportthrougha six-
component,internal,electricalstrain-gageb@nce whichwasprovided
bya U.S.AirForcecontractor.Angle-of-attackchangesofthemodels
wereaccomplishedbypivotingthestingabout.a Pointwhichwaslocated
approximately66 inchesdowzmtreamoftheO.2!5meanaerodynamicchord.
A 15°couplinglocatedaheadofthepivotpol?rtwasusedinorderto
keeptQemodelpositionreasonablyclosetothetunnel-axiswhenthe
modelangleofattackwasvarladfrom6° to1~. Thea@e mechanism
wascontrolledfromoutsidethetestsectionandthereforepezmd.tted
anglechangeswiththetunneloperating.A d~a~d descri@ionofthe”:
supportsystemcanbefoundinreference2.

MeasurementsI

Lift,dreg,andpitchingmomentweredeterminedbymeansofan
electricalstrak-gagebalancelocatedinsidq~thebody._Themeasure-
mentsweremadeforanglesofattackfra -%,toI@ atMachnumbers
vaqyingfrom0.50toapproximately0.97andfrom-@ to4°atMach
numbersvaryingfrom1.00toapproximately1.2.2.Testingathigher
amglesofattackinthesupersonicrangewas@ed outbythepitching’
momentdesignloadofthebalance.Theaccuracyofthedata,basedon
thedesignofthebalanceandthereproducibilityofthedata,Isas

to.ol-. . . . . . . . . .
to.001. . ...* . . . .

. . . . . . . . . . to.004

—
—

.

—

—
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-

●✍

—.. -

—

—
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.-.
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follows: —..

c~ . . . . . . . . . . . . . . 9*****”

CD . . . . . . . . . . . . . . . ...”...
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A pendulum-typeaccel.eromtercalibratedagainstangleofattack
locatedwithinthestimgdownstreamofthemodelswasusedtoIndicate
theanglesofthemodelsrelatlvetotheairstream.Itwasnecessary
toapplya correctiontotheangleofattackofthemodelbecauseof
theelasttcttyofthesting-suppm%system.Thecorrectionswere
obtainedfra staticcalibrationsofthestingandtheresults- shown
h figure4.

The use ofthecalibratedaccela-terinconjunctionwiththe
remotelycontrolledangle-of-attackchangingmechanisqallowedthemodel
angletobesetwithintO.1°fordl tetiMachnunibers.

-ids Nuiber

ThevariationoftestReynoldBnuuiber,basedontheman aerodynamic
chordofthewing,withMach?nmberaveragedforseveralrunsispre-
sentedinfigure5. TheI/e

P
ldsnunibervariedfrom2.0X 106ata Mach

numberof0.50to2.5 x 10 ata Machnuniberof1.12.

CORRECTIONS

.Theusualcorrectionstok B -r anddynsmicpressurefor
theeffectsofmodelandwakeblockageandthedragcoefficientforthe
effectofthepressuregradieticausedbythewakearenolongerneces-
sarywiththeuseoflongitudinalslotsinthetest section(reference3).

Thedragdatahavebeencorrectedforbasepressuresuchthatthe
dragcorrespondstoconditionswherethebo@ basepressureisequalto
thefree-streamstaticpressure.

Nocorrectionsfor~ twist owingto bendingoftheswe@wings
havebeenappliedtothedata.Sincethewingswereconstructedofsteel,
however,itisbelievedthatbendingdidnotmateriallychangetheaero-
_ic Cbr-terifiiCSOfthedatapresentedherein.

Thereexistsa rangeofMachnumbers&oveMachnunber1.0where
thedataareaffectedbyreflectedshockwaves.Onthebasisofuzqprib-
lishedstudies,itwasestimatedthatthereflectednoseshockwave
shouldcleartherearofthemodelatlkchnunibersaboP81.08.Schlteren
picturesmadeduringthetestshavemibstantlatedthesecalculations.
Theun@blishedresultsoftestsmadeintheLangley8-fotihigh-speed

-P tunnelalsoindicatethatalthougha detachedbowwaveexistsonthe
modelatlowsuwrsontcMach?nmibersthereflectedwaveuptoa Mach

A-- numberofa~roximately1.04Isofsuchwaakintensitythatthedataare
●
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unaffected.Accordingly,nodataweretakenip
from1.04 to 1.08; and-ii the finalcrossplots
areshownasdash&dlinesinthisrange.of-?4a$h

An index of

Forceandmoment

RESULTSANDD~CUSSIOH.

NACARML51104a

the rangeofMachnumbers
oftheresultsthe,curves
nmqbers<,

.

. --

thefigurespresentlggthere~ts isasfollows: ___..
ckracterltiics: -. F@re

%CDjand CmplottedagainstCLfor~l .:.”. ..1...... 6
a,CD,andCmpl.ottedagal.nstCLforwing2 j.. . . . . . . . . . 7-,
a,CD,~dCmplotted~a_CL for-3 ~l.a.=● ● % “..’“ “ “.● 8
U,CD,andCmplottedagainetCLfOr~4-x; . . ..f. . . . . . 9
C=plottedagatistM . . . ... , . . .. .r~:.. . .% .:,:=:. .-.-10
CDoplOttedagaiI&M.... . . . . . . ..... . . . . . . . . ..IJ..:
d.Cj/dCL2plottedagainstM... . . .”. . . ... . ...”.... .. 12:”
(L/D)_pltited%aimt M. . ... . . . . .~..=’m..~. ... . .13-=-

cL(L/D)M
@ottedagainstM.’..... . . ... . . . . . . . ...14

dC~dcLpbttedagatnstM.. .,.. .,.. . !,. . . ... . . . . ..15
CUCDJ andCmpltitedagainstaforbody“.~{.. .“.=”. . .. . :16.-

Thereferenceaxesofthedatapresented:Xnthefigureshavebeen
changedfrombodyaxestowindaxes.Inorde~tofacilltatepresentation
ofthedata,staggeredscaleshavebeenused:* manyofthefiguresand
careshouldbetakeniniderrtlfylngthqzero.-s foreachcurve.All
referencestowhgs inthisdiscussionreferto&ta &esegtedforwing;
bodyconflguratIons.

-.

LiftCharacter?.sties

Thelift-cuxveS1OEsforthefotiw.hg-bodyconfigurationsare

.-~=
=- . ... . . --, -

-.” —

-=

.

—
.

-----
—--- :.. .

p=sentedasfunctionsofMachnuuberatll~.lco&fficieri$sofO and0.3”–”.
InfIgure10. Atzerolift,theresultsindi~atedthat.”decreasingthe
thicknessratioofthewingsincreased-the~-h nwhberatwhichthelif’t--—.. .— ——... .
curveslo~.sstsrtedtodecrease.For~wiws.1s2)and3, theslopes “
decreasedatMachnumbersof0.975; 0.955, and 0.940, respectively. The
resultsalsoindicatedthatthelWbxrve sl@esatzeroliftforwings
lj2,~d 3 increased69Wrcent,59 p+rcpnts.i~ 4Px=_~ent~resPcc.:
tively,withincreasingMachnumberuptotti”~force-bre”=Machnuniber.—.. ---— -.—. .—.

-.. . -.
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. Ata liftcoefficient
2,and3“eihlbitedsimilar

. thattheincreasein CL
less.

Thereareappreciable

7

of0.3,the lift-curveslopesforwings1$
trendsasata liftcoefficientofO except
athighsubsonicMachnumberswasgenerally

structuraladvantagesinusinga wingwith
thickenedrootsectionswhichmalwitattractivefroma design&nd-
Poitij however,itsusedependsuponwhetherornotitadverselyaffects
theaerodynamiccharacteristics,particularlyinthetransonic,speed
q, whencompared with a wingofconstantspanwlsethic&ss. A
comparisonofwing4 withwing2 infigure10showsthatgradually
thickeningtherootsectionsonwing4 from6 percentattheO.40-semispan
stationtoK?~rcent attheplaneof-ry didnotappreciablychange
thelift-curveslopevaluesthroughouttheMachnuniberrange,indicatiuz
thattheliftcharacteristics

* Drag

. Theeffectsofthickness

ofwing4 wereasgoodasth&e ofwing2:

Characteristics

ratioandMachtier onthedraEat“zero
,

● lif’tforwings1,2,and3 are shownin figure11. Reducingt~ thick:
nessratiofrom9 percentforwing3 to 4 percentforwing1 resultedin .
anincreaseinthedragriseMachnumberfrom0.925to0.975.Atsub-
sonicMachnunhersbelowtheforcebreak,wing3 hada valueofdrag
whichwasapprcodmatel.y16percentlowerthanw-s 1 and2. Although
thereasonsforthisarenotclear,itisbelievedthatwing3 hada
morefavorablepressuregradiemtexistingovertheairfoilsurface,.
resultingina greaterregionoflaminarflowandthereforelowerdiag.
Itisalsopossiblethatthesurfaceonwing2 maynothavebeenentirely
aerodynamicallysmooth,owingtoremovableplateswhichwereusedfor
attachingvariousnacellestothewing,whichmightaccountforthefact
thatwing2 hadhighervaluesofdragatsubsonicMachnumbersthan
eitherwing1 orwing3. Ata supersonicMachnumiberof1.10,however,
thedragincreasedapproximatelybya factorof4,comparedwiththe
low-speedvalue,forwing3. Forthe6-and4-percent-thickwings,the
dragcoefficientsincreasedbyfactorsofabout2.4and2.0,respectively,
forsimilarMch nwibers.

A comparisonofwing4 withwing2 infigure11showstheeffectof
thethickenediriboardsectionsonthedragatzerolift.Thethickened-
rootwing(wing4)hada low-speedvalueofdragwhichwasapproximately
19percentlowerthanthatforwing2}possibJyforreasonssimilarto
thosegivenforwing3. Thethickened-rootwing,however,decreasedthe
dragriseMachnumberfrom0.975to0.95andincreasedthedragata
Machnumberof1.10by 22percent.Whencontparedwithwing3,onthe
otherhand,thedragforwing4 ata Machnmberof1.10wasapproxi-
mate~14percentlower.

*
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Flgum12shuwstheeffectofwingthicknessratioandthethAckened “
inboardsectionondragduetoliftforthef@urwingsInvestigated.
Generally,reducingthewingthicknessdid~t appreciablychangethe
valueofthedrsgduetoliftata liftcoefficientof.Q.3.Thedrag ““

-..

duetoliftbegantoriseata Machnumberof0.90andincrehsedapproxi-
mately30percetiabovethelow-speedvalueata Machnumberof1.10. ,,

Theeffectsofwingthicknessratioonthemaxhumlift-dragratio
areshowninfigure13. A comparisonofthelift-dragratiosforwings
1,2,and3 Indicatedthata reductioninthickmssratiofrom9 percent
to4 percentcausedanincreasefrom0.89to0.925titheMachnuniber
forwhichthemaximumllft-dragratiobegantodecrease.Thisincrease
inMachnumberatwhichtheforceb=ak occurredwouldbeexpectedsince
reducingthethicknessratioincreasedtheMachnumberatwhichthedrag
startedtorise(flg.11)andalsoincreased@ Machnumberatwhich
thelift-mumslopesst~ed decreasing(flg.10).A cmparisonof
the (L/D)M valuesata Machnuuiberof0.925LfiiCatedt~t reduc~

—

tk wingthicknessratiofrom9 to 6 to k per~entresultedinanincrea~
h the (L/D)Mxtiue from15.ofor~ 3 to18.3for~ 2,andto P—
25.0forting1. Ata Machxnmiberof1.10,decreasingthewingthickness
ratiofrom9 to4 ~rcenfIncreasedthe (L/D)E valuebya factor
of1.7.

.-L.—

~ effects of taperingthewingthicknessfrom6”percerrtatthe
40-percentspanwisestationto 12percentattheplaneof-try on
themaxtiumlift-dragratiovaluesare,alsoshowninf

Y
13. Thick-

.

enlngtherootsectionhada negligibleeffecton (L/D- uptoa
Machnumberof0.95.Ata Machnuniberof1.10,however,thethickening
oftheroutsectioncauseda 16-percetidecreasein (L/D)u. —

Inconjunctionwiththemaxhumlift-dra&rat10plots,thevalues
ofliftcoefficientatwhichthemaximumlift-dragratiooccurredare
presentedasa ftmctlonofMachmwiberinfigure14. Reducingthewing

—

thiclmessratiowaseffectiveinreducingtk’positiveshiftinlift
coefficietifor (L/D)M astheMachnuniberincreasedfxom0.70to1.10.
Asanexample,theshiftIntheliftcoefflctintfor CL/D)- for~ 1 - ‘“
wasapprotinately40percentascomparedwlti,63Prc= forwing3.

Pitching-MomentClwcmctertstics

Ingeneral}tk pitchtng-momentcurvesf~rMachn@bersupto0.925
s(figs.6(c),7(c),8(c),9(c))showedprono~cedunstablebreaksneara“ ““
ltftcoefficietiof0.6forthefourwing-bornconfigurations.Asthe
Machnumberincreasedbeyond0.95,however,thebzeakbecamelesssharp. % ..

.

.

—
.

4
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Theeffectsof
~=ter &~dCL
thekch numberwas

~ 9

Machnuniberontheetattc-longitudinal-stability
forthefourwingserapresentedinfigure15. As
Increasedfrom0.50to1.10forzerolift,theaero-

_c centerforthe9-percent-thickwingmovedrea~d ll;O percent
ascomparadtoa 15-prceti-rearwardmovenetioftheaerodynamiccenter
forthe4-and6-percent-thickWings.TIUW@ thetransonlcspeedramge,
therewasprobablyanoutboardmovementoftheboundarylayer(refer-
ence4)whichresultedIna morepronouncedseparationatthetipfor
the9-percen&thickwingthanforeitherthe4-or6-percent-thickwings.
Thisincreaseinflowseparationforthe9-percent-%hickwingwould
preventtheaerodynamiccenterfrommovingasfarrearwardastheaero-
-C centerforeitherthe4-or6-percent-thickwing.

Figure15alsoshowsthatatO end0.3llftcoefficients,the
thickenedinboardsectionsofwing4 dldnotappreciablychangethe
locationoftheaerodynamiccezrberascmparedtothelocationoftb
aerodynamiccenterforwing2.

Body-AloneCharactetlstlcs

Infigure16arepresentedbody-alonedata,bymeansofwhich
ccnnbinedwing-plus-wing-body-lxrterferencedata~ beobtainedfrom
comparisonswiththewing-bodyconfigurateiops.Itcanbe seenthatthe
effectsofcompmsssibilityonthellftandpitching-momentcoefficienks
an negligible.AtOoangleofattack,thelow-speeddragcoefficlent
of
to

thebodybasedonthewingareaincreasedfrom
0.0062astheMachnuniberincreasedto1.10.

SUMMARYOFRESULTS

Theresultsofantnveetlgatlonofa wingof

a valueof0.0030

aspectratio3.5,
taperratio0.2,470sueepbackoftheqtier-chordllne,and-
onlyInthlclmessratioandspanwisethicknessdietrtbut~onindicated
thefOuowing:

1.Ingeneral,reducingthewingthicknessratiofrom9 percentto
4 percexrtwaseffectiveinincreasing:

(a)Thelift-curvebreakKch numberfrom0.940to0.975atzero
lm

(b)ThedragriseMachnuniberfrom0.925to0.975atzerolift

(c)TheMachnumberfromO.@ to0.925wherethemaximumlift-drag
ratiodecreased

-===s
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2.A largeincreaseinthelift-curve

NACARML5110ka

.
sl~ athighsubsonicMach

numberswasnotedforthek-~rceti-thickwi@ atzerolift.Ata lift
coefficientof0.3,thelfft-curveslopesforwings4Z6,and9 perceti m-
thickexhibitedsimilartrendsasata liftcoefficientofO exceptthat
theincreasesInlift-curveslopesathighmibsonicMachnuniberswere
generallylesB.

3. Ata supersonic
matelybya factorof4
thickwing.Forthe6-
increasedby factorsof
Machnuibers.

4.A comparisonof

— — .

Machnuniberof1.10,,thedragincreasedapproxi- -.
above“thelow-speedValueforthe9-perceti-
andh-percent-thick-s, thedregcoefficients
about2.4and2.0,respectively,forsimilar

the valuesofmaxhllmllf’t-dragratios(L/D)mx
ata Machnuuiberof0.925indicatedthatreducingthewhg thickness
ratiosresultedinanincreaseInthe (L/D)w ‘valuesf&m 15.0for
the9-perceti-thickwingto18.3forthe6-percent-thickwing,andto
25.0fortheh-percent-thickwing.

—
Ata Machnumber0$1.10 decreasing

thewingthlclmessratiofrom9 to4 percentincreasedthe tL/D)max 9_
valuebya factorof1.7. - -. —

5. AstheMch numberincreasedfromO.x to1.10,theaerodynamic
●

centerforthe9-percent-thickwingmovedrearward11percentascompared
witha 15-percentrearwardmovenEntforthe& and6-@rcent-thickwings.

6. Thecharacteristicsofthe6-percent-thickwtngwiththethickened ‘
inboardsectionswereapproximatelyirrtermedzatebetweenthoseofthe
6-and9-pprcent-thickwings. .: —. .----.— .
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NationalAdtisoryCommitteeforAeronautics

LangleyField,Va. .. ..-
-

.

-.

—

... . =~.;,._ .—
-

. . .

.



NACARML51104a

REFEREKES

11

.

1.Wright,RsyH.,andRitcbie,VirgilS.: Characteristicsofa Transcmic
TestSectionwithVariousSlotShapesintheLangley8-FootHigh-
SpeedTunnel.NACARML51E30,1951.

2.Osborne,RobertS.: A Transonic-WingInvestigationIntheLangley
8-FootHigh-SpeedTunnelatHighSubsonicMch Nmibersandata
MachNumberof1.2.Wing-FuselageConflguratlonHavinga Wtngof
45°Sweepback,AspectRatio~,TaperRatio0.6,andNACA65AO06Air-
foilSection.NACARMLXH08,1950. ..-

3. Wright,RayH.,andWard,VernonG.: NAC!ATransonicWind-TunnelTest
sections. NACARML8ti,1948.

4.Whitconib,RichardT.: AnE~rimemtalStudyatModerateandHigh
SubsonicSpeedsoftheFlowoverWingswith30°and45°ofSweepback
inConjunctionwitha Fuselage.NACARML~7, 1951.



12 NACARML5UO&a

.

.

TABLEI ..:

AIRFOILCOORDINATESFORTKEFOURWING-BCIDYCONFIGURATIONS

.’ wng3
tk.Op WTng4.—.

WingI
Vc=0.04

WIIUJ2
th=o.06

—.- —

k,\4?,’ \
,“ .
, A “..’ \. k\ 47

,/’ ‘\
,’ ‘\

,/ ‘\\

.-— —

-—

J.

x
-
r
.6
P:&

%
1.249
1.
1.
1.
1.!!
2.021
2.020
m
1.297
L.4E7
1.27T
:3
.If20
o

—

—-

..

S/a

-.

mbmL.2.*= - La * =O.msa
:._—

.—
i ““:”...-.-. ..+.—.

.

.

. r



,.
● ✎ , I

!2

oOiftiser-entrmce-rmearrmgsrrmnifwsubemicoperatim .

. Dlffusef-mkmce-nawcrrongerrmtfuieupsreonlccf)erutkm M ii
1.2

LI u

i
1I ❑ 1I

“ I.o
z, .

c

.6

,-%6 40 44 46 52 56 60 64 68 72 78 80 84 68 92 96 100KM 108112116120124128
Axialdisionw

Figurel.-Mschmniber distributions

ham* orlglrr,xh.

alongthe centerofthetestsectIon._



-1

* , ● ✌ 9

I



● ✎

wingDrLwiln

AirrOil 13ecticm p8rd101 toplawof 13ymotry
TblcheBB didrilnztion..,.. . . . . . . . Mm 65Aseries
Memhordhatee . . . M Or I&MA230memo + mm.6-BnrIM

.
Area* Bqft........
AEpect ratio . . . . . . .

mlperratfo.., . . . . .

Incideme, deg...,..

Mhalral, dq . . . . . . .
OemOtrlo tvlmt, dog . . .

—

ualfom-lead MUI line (n . 1.0) for
Cli = 0.1
............... 1.143
... .. ..... ..... 3.5
... .. .... ...... 0.2
... ... ... .... .. 0

pas+

/. . . . . . . . . . . . . . . 0 r.7.ai’4
. . . . . . . . . . . . .“. . o

~74e
~1

20R

961X

“xl-
\\ \

Figure3.. Model detaK1.a. All Umenaione are in tichea. G



16 c~ NACARML51104a

.

—

3,2

2.0

2,4

2.0

1.6

42
~.
: .8

.4

0

-.4

78

-L 2

-L6

ME/4

800
600
400
200

0
-200
-400
-600
-800

.

.

.

.

— .
-400 -200 0 200 400 600 800 1000

Lift , ib

Figure4.- Stingdeflectionduetolift:

MTW?R%?,

andpitchingmment.

--



2.8

2.6

%106

/

/
{

1,8 I I I 1 i I I 1 I I I I I
,5 .6 .7 .8 .9 1,0 1,1 1,2

Mach number M

l?~gure5.-Variation with hiachnumber of terk Reynolds nuuiberbased
on a E of 7.874 inches.



‘!!
,1

-. 20000000 00000 .2.4.6
Liftcoefftiem,CL

(a)Angle of attack..

Figure6.-Variation with lift coefficient of the aerdymunic characteristics

forving 1.

I II



—
Liftc~fficht,CL

!2

(b)Drag coefficient.

IWUW 6.-contimma.



20
.

. NACARML51104e

M

.

0

0

o

-.04

0

c1

o

-.08

-.12

-.16 1 I
““-:4 -.2 0 .2 .4 .6. .8 1,0 1.2

Lift coefficient,CL

(c)Pitching-momentcoef~cient.-

.

. .
.

.

.-

-.

m



I

I

.
a.

4

2

(3

8

6

4

2

0

-2

-.20000000 00
~]ft weffi~flt, CL

(a) Angle of’attack.

Figure 7.-Varlatlonulthliftcoerflctentofthe
forWlllg2.

aerodynamiccharacteristics

ru
P



,

.18

.16

.14

on
=-,!2

.10
~
~ .08
&

.06

.04

.02

0

00000000” OoOoo .2.4.6
LIficoefflcied,CL

(b)Dr~ coefficient.

Figure7.-continued.

.

,. ,
I ,;

RI



NACARML51104a

.

.

0

0

0

0

0

o

0

0

0

0

-*O4

-*O8

-.12

-.16
-.

.

M

4 -.2 C) ,2 .4 .6 .8 1.0 1.2
Lift cdeffickht, CL

(c)Pitchihg-mdmentcoefficient.

Ngure7.-Concluded.



.“

14

12

10
m

~. 0
e.

~6
=o

%4
o
-g

<2

o

-2

-.2000000 000 0000 .2.4.6.-
‘Lifl coefficient, CL

(a) Angle of attack.

Flgue 8.- Veriatlon vith lift coefficient of the aerodynamic characteriaticf3

forulngs.

1
,, I>,
.’ 1,

, t
,! ,: I



.

* , . . ,

.22

.20

“,18

.16

.14

“n.12
“
E
: .10
u-a)
0 __ #w

I

o ~
v I

M =(1,50.696 .843.8%?.916 .!

.“ -

.02

-.
Lift co#ffident,cL

(b)Dmgcoefflcient.

t *

m.gure8.-continued.



26

—

#

NACARML51104a

0:
E2
0.-

*
a)
s
z

~z
:E
0

c

-.0

70

-. I

-. I
-.4 -.2 0 .2 .4 .6 :8 1.0 [.2

Lift coefflcient,CL

(c)Pitching-moment.coefffci.ent.

.

.

-.

..*.

.L

.-

.

Figure8.-Concluded.

-.



.9 * *

14

12

10
m

‘.8
u.
x
jj6
G

%4
al
~
<2

0

-2

-.20000000 000000 ”2”4 “6
Lift COeffiCh311t, cL

(a) Angle of attack.

Figure 9.-Variat~ontithllftcoefficientoftheaerodynamiccharacteriatlcs
forwlmg4.



!.

I

-.

.20

.18

.16

,14
Q,
w
~“.12
-G
=
%.10g

F~ .08

.06

.04
..

.02

0
\

-.2000000 000’ 0000.2 .4 .6’
Liftc@ffcient,CL

(b) Wag cmfficient .

IHgure 9.- Conttied.

,

II

. , *
1 I



N.ACARML51104-E 29

.

●

0

0

0

0

0

0

0

0

0

0

0

0

0

-.04

-.08

-.12

-16
-.

M

1+%L02

m

,4 -.2 0 .2 .4 .6 .8 1.0 1.2
Lift coefficient,CL

(c)Pitching-momentcoefficient.

Figure9.- Conchided.



.. -..

30 NACARML51104a

,08 ‘
-, . . . .—. .*.

.06 I .

2
c~”o.3

,04- . .

,08 I I I I I I I I I I I I I I I

L , , , , r 1 I I I

I

*

c~=’o.3
,04

.

.06

.04 .

,10 ,

,08

,06— 4 — —W&

2
CL=o >.

,044 ,5 v“
.6 .7 .8 ...9. 1.0 1.1 1.2

Machnumber,M

. .. ___

.—

. ..

.

.-

—

—

— .

.

Figure10.-Effectofthicknessratioaiidthic@nedroot-sectionsonthe
—w

variationofldft-curveslopewithMachmer. forthe wing-body
configurateion.

.-

. .



NACARML51104a ~ 31

.

.

.

9

,

,04

,03

.02
0

J?

;“ .01
~
+
a)ov o

Wing
2

3

;

a ,03

,02

UviQ
,0 I ‘ 2“

I
‘4 ,5 .6 ,7 .8 .9 1,0 1,1 1.2

Mach number,M

Figure11. - Effectofthicknessratioandthickenedrootsectionsonthe
variationofdragcoefficientatzeroliftwithBhchnumberforthe
wing-bodyconfiguration.

.



.

.

.2 -
Wlnc ~ -.

I w
.1

dCD
m

,2

3
.1

.2

4
1

“.4 .5 .6 .9.7 ,8
Machnumber,M

I,0 11

Figure12. - Effectofthicknessratio
variationofdragduetoliftulth
configuration.CL = 0.3.

andthickenedroot~ectionson
kch nu@erfortheting-body

I.2

.

.-



5 NACARML5110ka 33

.

24
.

20

16

~
()D maX12

8

4

0

2

‘1

I
~

()D ~ax

o

6

2

8

4

0.

, I \

\ \ \

1

.

I
k L

2
.

—3

\\ \

5 .6 .7 .8 .9 I.0 1.1 1.2
Machnumber ,M

.

Figure13..EffectofthicknessratioandthickenedrootsectLenaonthe
* variationofmaximum

bodyconfl~ratlon.
llft-dragratiowithMachnumberforthewlng-



NACARML5110k

cL(L/D)max

.4

.3

.2

.1

0

.4

.3

.2

,1

n

wing
2
4 .

I I
‘.6 .7 .8 .9 1.0 [.1 1.2

Mach number,M

Figure14.- Effectofthicknessratioandthickenedrootsectionsonthe
variationofliftcoefficientformaximumlift-dragratiowithMach
nuiberforthewing-bodyconfiguration.~

.

.

.

.

,



6

.

NACARML5110&

-. 3

-.2
dCm
q

.

.

-. I

o
-. 3

-. 2
dCm
dCL

-bI

o
-.3

dCm
–.2

q
-. I

o

tiiiiiii’iiiiiiil CL.(3,3

Wirlc

CL=0.3

Wing
21

( 1 I 1 I I I I I I I I I I 1 (

35

-.3““”
/ — ---- 4
( / “ 2

-2 I
dC
+ L

I-.
.....

0
q=o -.,

.4 .5 .6 .7 .8 .9 1.0 [.1 12
Machnumbsr,M

Figure~.. Effectofthicknessratioand thickenedroot sectionson the
variatfon of the stat~c-longitudinal-stab~~ty parameterwith Mach
numberfor the wing-bodycotiguratton.

. ..-—

-. —



14

12

10
m
~
e:8
x

:6

%
%4

z

2

0,.

-2

-. 10000000 000000. 1.2
Lift coefficient,CL

(a) Lift coefficient.

F@ura ti. - Varlatton with angle of attack of the aarodynsmlc characteristics

of the body.

II. I



,.

14
M=OJ50 .70 S5 .90 ,925.95 .975 1.0 102 1.0351085 1,10 1.13I

12

m
g 10

“

2

0

0forM~2~50 .70 .85 ,90 .925 .95 .975 1,00 IQ 1.0351.085 1,10 1.13 I I I I I i
00000000 0

Drag coefficient ,CD

(b) Drag coefficient.

I?@ure 16.-Continued.

000 0 .004 ,006 .012



14

12

10
0
‘%
u: 8
z

#6
Lo
~
04
2

2

0

-2

-,0! o 0 0 0 0 0 0 0 0 0 0 0 0 .01 .02 .03
Pitching-moment coefficient, Cm

(c) Pitching-nmmt coefficient.

Fi~e 16. - concluded.

? , .*

,. i’

1 *

u)
m

w
m

<


